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HONEYCOMB STRUCTURE AND METHOD OF
FORMING

BACKGROUND OF THE INVENTION 5

This invention relates to the art of producing thin-
walied honeycomb structures, such as those that would
have utility as a substrate in emissions control from an
internal combustion engine. Such substrates may be
formed from extrudable material such as particulate
ceramic and/or metal batches and similar materials
which have the property of being able to flow or plasti-
cally deform during extrusion, while being able to be-
come sufficiently rigid immediately thereafter so as to
maintain their structural integrity, in the manner set
forth in U.S. Pat. Nos. 3,790,654 and 4,758,272. Alterna-
tively, the honeycomb structure may be made of
pleated thin porous sheets of filter material whose layers
are interleaved with corrugated or crimped spacers
with the parallel corrugations or crimps thereof extend- 20
ing substantially perpendicular to the folds of the
pleated sheets, as disclosed in U.S. Pat. Nos. 2,884,091,
2,952,333 and 3,242,649.

The invention particularly relates to the problem of
abrasive edges surrounding the opposed faces at the 23
longitudinal ends of metal honeycomb structures. That
15, the opposed edges of such metal honeycomb struc-
tures each function as an unwanted cutting edge, and
are a source of abrasion to insulating material which is
utilized to surround the substrate and support it within
and insulate it from an enclosing canister. The abrasive
problem 1s further accentuated when attempting to
round the edges, since such rounding only exposes more
web surfaces and increases the amount of cutting or
abrasion experienced by the surrounding insulating
material.

It thus has been an object of the invention to provide
a honeycomb structure having a rounded edge portion

which does not detrimentally cut or abrade surrounding
material.

SUMMARY OF THE INVENTION

In its simplest form, the present invention sets forth a
honeycomb structure having smoothly rounded and
low abrasion edge portions, and a method of forming
the same. A conventionally extruded or pleated-type
substrate is provided with a suitable batch material
about the outer edge of each longitudinally opposed
face, so as to partially fill the outermost two or three
cells of the substrate which are adjacent the outer skin
thereof. The batch material and substrate are then dried.
After the material has been dried, the edges which have
been filled with the batch material are then rounded to
form a closed or continuous smoothly rounded, virtu-
ally non-abrasive corner surface.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 11s a schematic, fragmental view in elevation of
a conventional honeycomb substrate.

F1G. 2 1s a schematic, fragmental view in elevation of 60
a conventional honeycomb substrate having the edges
rounded.

FIG. 3 1s a schematic, fragmental view in elevation of
a conventional honeycomb substrate showing the outer
several cells filled with a suitable substance adjacent an 65
end face of a substrate.

FIG. 4 1s a schematic, fragmental view in elevation of
a honeycomb substrate according to the present inven-
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tion wherein the filled section of the substrate adjacent
the edge and end face is rounded to form a smooth,
virtually non-abrasive rounded surface.

FIG. § is a schematic plan view of one opposed end
face of a honeycomb substrate in accordance with the
present invention, showing the outer peripheral cells
filled with a suitable material and provided with a
smoothly beveled or rounded edge.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring now to the drawings, FIG. 1 illustrates a
conventional honeycomb structure 10 having a plural-
ity of webs 12 extending longitudinally therethrough
which form a plurality of longitudinally extending cells
or flow channels 14, which terminate at each end in an
opposed face 16. Each opposed face 16, only one of
which 1s shown, terminates at a sharp corner 18 with a
thickened outer skin or sidewall 20. The sharp corner
edge 18 of the honeycomb structure 10 is extremely
abrasive when the substrate is positioned within a sup-
porting or insulating material and subjected to vibra-
tion, such as would be occasioned in automotive use.
That 1s, the edge 18 has a tendency to cut into and
detrimentally destroy the surrounding insulating and
supporting material, thus rendering such material inef-
fective for its intended purpose.

By merely rounding the corner 18 in the manner
shown at 22 in FIG. 2, resiilts in exposing a plurality of
open abrasive edges 24 at the ends of the webs 12, thus
producing even more abrasion and cutting action into
the surrounding insulating and supporting material
when the unit is subjected to standard vibration which
would be encountered in vehicle usage.

In order to overcome the abrasive problem of the
open web portions, the outermost cells 14 of each op-
posed face 16, adjacent the sidewall 20 of a conven-
tional honeycomb structure 10, are provided with a
suitable material 26 and filled to a desired depth d, as
shown 1n FIG. 3. The material 26 is preferably a wet
batch material of the same composition as the material
of the webs 12 forming the honeycomb structure 10,
however any suitable material having compatible physi-
cal and chemical properties could be utilized.

The material 26 may be extruded about the peripheral
edge 16 of the honeycomb structure 10 and pressed into
the outermost peripheral cells 14, or it may be injected
directly into such cells. It has been found that for sub-
strates of the size normally utilized in vehicle emissions
control, it 1s necessary to only fill the outer two or three
cells of the substrate to a depth of about 3", however, it
1s understood that for larger substrates a greater depth
and the plugging or filling of more peripheral cells may
be required. ~

As shown in FIGS. 3 and 4, the outermost three cells
14 adjacent sidewall 20 have been plugged to a depth d.
Although the plugging or filling of the outermost cells
14 may be accomplished any time after the honeycomb
substrate 1s formed, it is preferred to plug or fill the
outer two or three cells 14 adjacent to the skin 20 while
the substrate 10 is still in its green state. A wet batch
material, preferably of the same composition as the
honeycomb substrate, is supplied to the outermost cells
14 by either directly injecting the same therewithin, or
by extruding a bead about the peripheral edge of each
opposed face 16 and pressing the material into such cells
to the desired depth d, of about 4". The substrate, with
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the plugged material in the peripheral cells of each
opposed end is then preferably placed in an oven to dry
same to a rigid firm consistency. After the drying pro-
cess, the substrate may have the opposed ends 16 flat-
tened to remove any uneven surface created by the

plugging process.
As shown in FIG. 4, after the plugged substrate has

been dried, the sharp edge 18 adjacent the opposed
surfaces 16 and sidewall 20, is removed, such as by
sanding or any other suitable machining process to
provide a smoothly rounded, virtually non-abrasive
radiused surface 28.

As shown in FIG. §, the smoothly rounded surface 28

only encompasses the two outer peripheral cells 14
where, for illustrative purposes, FIGS. 3 and 4 include
three outermost cells 14. Further, as shown in FIG. §,
the plugging or filling material 26 extends inwardly
from the outer peripheral sidewall 20, a distance of at
least two cell widths w. In view of the fact that the
surface 28 1s a continuous smoothly rounded surface
between the outer wall 20 and an opposed face 16, the
surface has a very low abrasive coefficient and exhibits
no cutting edges, such as those exposed in FIGS. 1 and
2. Accordingly, the smoothly rounded continuous solid
surface 28 provides improved durability, not only to the
substrate 10, but also to any surrounding supporting or
insulating material utilized when encasing the substrate
within a suitable container for vehicle emissions con-
trol. As previously mentioned, this is particularly im-
portant when the honeycomb substrate 10 is formed of
extruded metal powders or wrapped metal foils, which
must not only be physically supported within an auto-
motive canister, but must also be electrically insulated
therefrom when such substrate is used as a resistance
heater for gases passing through the emissions control
system. That is, it has been found that such metalized
substrates are extremely abrasive and can detrimentally
cut into and abrade supporting and insulating materials
which are necessary for operative results.

As an alternative to plugging the outermost cells of
the substrate, 1t would be possible to extrude a heavy or
thick outer skin with the formation of an extruded hon-
eycomb structure, or to wrap a heavy metal foil about a
wrapped honeycomb structure, and round the resulting
solid thickened skin adjacent each opposed face to pro-
vide a smoothly rounded, virtually non-abrasive solid
surface similar to 28, and accomplish virtually the same
result as that obtained by plugging the outermost cells.
However, it will be appreciated that such an alternative
would require substantially more material, and increase
the weight and bulk of the substrate, since such thick-
ened skin would extend through the substrate between
the opposed faces 16.

Although the now preferred embodiments of the
invention have been disclosed, it will be apparent to
those skilled in the art that various changes and modifi-
cations may be made thereto without departing from
the scope and spirit of the invention as set forth in the
appended claims.

I claim:

1. A honeycomb structure comprising:

a plurality of webs extending longitudinally through
said honeycomb structure forming a plurality of
longitudinally extending cells of desired width
therebetween, -

said webs terminating at their opposite longitudinal
ends 1n opposed faces,
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sald honeycomb structure having an outer peripheral
sidewall surrounding said webs and cells and ex-
tending between said opposed faces,

an outer peripheral portion of said honeycomb struc-

ture being solid at least adjacent said opposed faces
and inwardly from said outer peripheral sidewall a
distance of at least two cell widths,

an 1nner central portion of said honeycomb structure
being open through said longitudinally extending
cells, and

the entire extent of said solid outer peripheral portion
being rounded between said outer peripheral side-
wall and each of said opposed faces to form a con-
tinuous sohd smoothly rounded, relatively low
abrasive surface between said sidewall and each of
sald opposed faces.

2. A honeycomb structure as defined in claim 1

wherein said honeycomb structure comprises an ex-

truded honeycomb body, and said solid outer peripheral

portion being formed of the same material as said ex-

truded honeycomb body.

3. A honeycomb structure as described in claim 2
wherein said extruded honeycomb body and solid outer
peripheral portion are formed of metal batch material.

4. A honeycomb structure as defined m claim 2
wherein said solid outer peripheral portion is in the
form of a thickened outer skin and extends between said
opposed faces.

5. A honeycomb structure as defined in claim 1
wherein said solid outer peripheral portion comprises a
plugging material extending longitudinally inwardly to
a desired depth from said opposed faces within those
longitudinally extending cells adjacent said outer pe-
ripheral sidewall.

6. A honeycomb structure as defined in claim 5§
wherein said plugging material is of a composition
which 1s chemically compatible with and has the same
physical characteristics as the honeycomb structure
material.

7. A honeycomb structure as defined in claim 1 com-
prising a wrapped metal foil honeycomb body, and said
solid outer peripheral portion being of the same material
as said honeycomb body.

8. An extruded metal honeycomb structure compris-
ing:

a honeycomb body having a plurality of webs extend-
ing Jongitudinally therethrough forming a plurality
of longitudinally extending cells therebetween and
terminating at their opposite ends in a pair of op-
posed faces, said webs and cells being bounded by
an outer peripheral wall extending between said
opposed faces, |

plugging material filling opposite ends of those longi-
tudinally extending cells adjacent said outer pe-
ripheral wall from said opposed faces to a desired
depth,

and said plugging material being provided with a
smoothly curved surface between said outer pe-
ripheral wall and each of said opposed faces to
provide a continuous solid substantially smooth
and substantially abrasive-free rounded surface
between said outer peripheral wall and each of said
opposed faces.

9. An extruded metal honeycomb structure as defined
in claim 8 wherein said plugging material is of the same
composition as the composition of said extruded metal
honeycomb structure.
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10. An extruded metal honeycomb structure as de-
fined in claim 8 wherein said plugging material fills the
end portions of at least two -rows of cells extending
inwardly from said outer peripheral wall.

11. An extruded metal honeycomb structure as de-
fined in claim 10 wherein said plugging material extends
longitudinally inwardly from each opposed face to a
depth sufficient to provide a solid rounded surface be-
tween said outer peripheral wall and each of said op-
posed faces. .

12. A method of producing a honeycomb structure
with low abrasive edge portions between end and wall
portions thereof which comprises:

forming a honeycomb body having web portions

extending longitudinally therethrough, defining
longitudinally extending cells therebetween and
terminating at their opposite ends in opposed faces,
with an outer wall extending between said faces
and bounding said webs and cells;

filling at least the outer two rows of cells which are

adjacent and extend inwardly from said outer wall
with a plugging material compatible with that of
the honeycomb body to a desired depth from each
of said opposed faces while leaving central cells,
which are inwardly of said outer cells filled with
plugging material, open and free of plugging mate-
ral;

rigidifying said plugging material and said honey-

comb body; and

rounding said rigidified plugging material between

said outer wall and each of said opposed faces to
provide a solid continuous substantially low abra-
sive smoothly rounded surface between the entire
periphery of said outer wall and each of said op-
posed faces.

13. A method of producing a honeycomb structure as
defined in claim 12 including the step of forming the

said honeycomb body by extruding metallic batch mate-
rial into the form of a honeycomb structure.
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14. A method of producing a honeycomb structure as
defined in claim 12 including the step of wrapping metal
foil into the shape of a honeycomb body.

15. A method of producing a honeycomb substrate as
defined in claim 12 including the step of pressing said
plugging material into at least the outer two rows of
cells of said honeycomb body.

16. A method of producing a honeycomb structure as
defined in claim 12 including the step of injecting said
plugging material within at least said outer two rows of
cells of said honeycomb body.

17. A method of producing a honeycomb structure as
defined in claim 12 wherein said plugging material and
said honeycomb body are heated to dry and rigidify the
same.

18. A method of producing a honeycomb structure as
defined in claim 12 including the step of sanding the
rigidified plugging material to form a smooth continu-
ous conngcting surface between said outer wall and said
opposed faces.

19. A method of producing a honeycomb structure as
defined in claim 12 including the steps of extruding a
metallic batch material to form said honeycomb body,
filling said at least outer two rows of cells with a plug-
ging material which is of the same composition as the
metallic batch material from which the honeycomb
body 1s formed, drying the honeycomb body and said
plugging material so as to rigidify the plugged struc-
ture, and then sanding the edge of said honeycomb body
adjacent the outer wall and each opposed face to form
said smoothly rounded surface.

20. A method of producing a honeycomb structure
defined in claim 19 including the step of plugging said at
least two outer rows of cells with said plugging material
while the honeycomb body is still in a green state to a
depth sufficient to provide a continuous solid surface
when the corner edge between the outer wall and the

adjacent face 1s rounded.
% x ¥ % *
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